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SPECIFICATION 

1. Title of the Invention: FOURTH-HARMONIC GENERATION 

METHOD FOR Nd: YAG LASER 
2» Claim 

1) A fourth-harmonic generation method for a Nd: YAG 
laser, wherein fundamental wave emitted from the Nd: YAG 
laser oscillator are made incident on a first non-linear 
optical crystal, second harmonic wave are generated from 
part of the fundamental wave by the first non-linear optical 
crystal, the second harmonic wave and the fundamental wave 
passed through the first non-linear optical crystal are made 
incident on a second non-linear optical crystal, third 
harmonic wave are generated from part of the fundamental 
wave and part of the second harmonic wave by the second non- 
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linear optical crystal, the third harmonic wave, the 
fundamental wave and the second harmonic wave passed through 
the second non-linear optical crystal are made incident on a 
third non-linear optical crystal including a LiB305 crystal, 
and fourth harmonic wave are generated from part of the 
fundamental wave and part of the third harmonic wave by the 
third non-linear optical crystal. 
3. Detailed Description of the Invention 

[Industrial Applicable Field] 

The present invention relates to a fourth-harmonic 
generation method for a Nd: YAG laser used in the fields of 
laser chemistry, laser lithography, laser medical care, 
biotechnology, and so forth that require high-power 
ultraviolet rays. 

[Related Art] 

Hitherto, in the fields of laser chemistry, laser 
lithography, laser medical care, biotechnology, and so forth, 
harmonic wave were generated from a laser beam and used, as 
required. The process of the harmonic generation is shown 
in Fig. 4. 

In Fig. 4, reference numeral 1 indicates a Nd: YAG 
laser (a neodymium-doped YAG laser) oscillator, reference 
numeral 2 indicates a first non-linear optical crystal 
including a CD*A crystal (a CsD2As04 crystal) or the like, 
reference numeral 3 indicates a second non-linear optical 
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crystal including a BBO crystal (a p - BaB204 crystal), a 
KD*P crystal (a KD2PO4 crystal), and so forth, and reference 
numeral 4 indicates a 60® dispersing prism. 

Where the BBO crystal is used, as the second non-linear 
optical crystal 3, the BBO crystal is cut so that the angle 
cp thereof is 0° and the phase-matching angle 6 is 48°. 

Further, where the KD*P crystal is used, as the second 
non-linear optical crystal 3, the KD*P crystal is cut so 
that the angle qp thereof is 45° and the phase-matching angle 
e is 90°. 

The signs q) and 9 indicate the following angles. 

Namely, the x-axis, the y-axis, and the x-axis are 
given, where an expression nx < ny < n2 holds where the 
light refractive index of the crystal is shown as nx, ny, 
and nz. The angle which the projection of a vector that 
passes through the origin point and extends in a 
predetermined direction onto the x-y plane forms with the x- 
axis is designated by the sign cp and the angle which the 
vector forms with the z-axis is designated by the sign 9. 

In the above-described configuration, where the Nd: YAG 
laser oscillator 1 emits fundamental wave (the wavelength 
= 1.0642 |iAm) , the fundamental wave are made incident on the 
first non-linear optical crystal 2 and second harmonic wave 
(the wavelength 0.5321 \xm) are generated from part of 

the fundamental wave by the first non-linear optical crystal 
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2 according to the relationship shown as : 
I/X2 = + l/>^i • • (1) . 

Further, the second harmonic wave and the fundamental 
v^ave passed through the first non-linear optical crystal 2 
are made incident on the second non-linear optical crystal 3 
and fourth harmonic wave (the wavelength = 0.266 fjim) are 
generated from part of the second harmonic by the second 
non-linear optical crystal 3 according to the relationship 
shown as: 

I/X4 = I/X2 + I/X2 • • (2) . 
The fourth harmonic wave, and the fundamental wave and the 
second harmonic wave that passed through the second non- 
linear optical crystal 3 are made incident on the 60° 
dispersing prism 4 and separated by the 60° dispersing prism 
4 . The separated harmonic wave are used for a predetermined 
object. 

[Problems to be solved by the Present Invention] 

However, the second harmonic wave are nearer to a near- 
ultraviolet range than the fundamental wave are and the 
fourth harmonic wave are nearer to the near-ultraviolet 
range than the second harmonic wave are. Therefore, where 
the KD*P crystal is used, as the second non-linear optical 
crystal 3, the KD*P crystal is under the heat influence by 
ultraviolet-ray self absorption and the phase-matching 
condition is not satisfied so that the refractive index 
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changes. Further, as shown in Fig. 2, about twenty minutes 
after the Nd: YAG laser oscillator 1 is started, the 
standardized output reduces and the light intensity becomes 
zero. Subsequently, the fourth harmonic wave of the Nd: YAG 
laser cannot be obtained for a long period of time with 
stability. 

Further, where the BBO crystal is used, as the second 
non-linear optical crystal 3 , the phase-matching condition 
is not satisfied due to the ultraviolet-light self 
absorption and the standardized output reduces as time 
passes after the Nd: YAG laser oscillator 1 is started, 
though not to the extent as is the case with the KD*P 
crystal, as shown in Fig. 2. Therefore, as is the case 
where the KD*P crystal is used, the fourth harmonic wave of 
the Nd: YAG laser cannot be obtained for a long time period 
with stability. 

Therefore, in the past, heating temperature regulation 
is performed for the second non-linear optical crystal 3 by 
a temperature-control device. However, it has been 
difficult to maintain the second non-linear crystal 3 at a 
predetermined temperature. 

The present invention is provided for solving the 
above-described problems and the object thereof is to obtain 
fourth harmonic wave of the Nd: YAG laser for a long time 
period with stability without performing the temperature 
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control for a non-linear optical crystal. 
[Means for Solving the Problems] 

In the present invention, fundamental wave emitted from 
the Nd: YAG laser oscillator are made incident on a first 
non-linear optical crystal, second harmonic wave are 
generated from part of the fundamental wave by the first 
non-linear optical crystal, the second harmonic wave and the 
fundamental wave passed through the first non-linear optical 
crystal are made incident on a second non-linear optical 
crystal, third harmonic wave are generated from part of the 
fundamental wave and part of the second harmonic wave by the 
second non-linear optical crystal, the third harmonic wave, 
the fundamental wave and the second harmonic wave passed 
through the second non-linear optical crystal are made 
incident on a third non-linear optical crystal including a 
LiB305 crystal, and fourth harmonic wave are generated from 
part of the fundamental wave and part of the third harmonic 
wave by the third non-linear optical crystal. 
[Operation] 

Where the Nd: YAG laser oscillator is started and the 
Nd: YAG laser oscillator emits the fundamental wave, the 
fundamental wave are made incident on the first non-linear 
optical crystal, the second harmonic wave are generated from 
part of the fundamental wave by the first non-linear optical 
crystal, and the remaining fundamental wave pass through the 



first non-linear optical crystal. 

The second harmonic wave and the fundamental wave 
passed through the first non-linear optical crystal are made 
incident on the second non-linear optical crystal^ the third 
harmonic wave are generated from part of the fundamental 
wave and part of the second harmonic wave by the second non- 
linear optical crystal^ and the remaining fundamental wave 
and second harmonic wave pass through the second non-linear 
optical crystal. 

The third harmonic wave, and the fundamental wave and 
the second harmonic wave that passed through the second non- 
linear optical crystal are made incident on the third non- 
linear optical crystal. The fourth harmonic wave are 
generated from part of the fundamental wave and part of the 
third harmonic wave by the third non-linear optical crystal. 
Further, the other fundamental wave and third harmonic wave, 
and the second harmonic wave pass through the third non- 
linear optical crystal. 

According to the present invention, the third harmonic 
wave near the near-ultraviolet range are made incident on 
the third non-linear optical crystal and the third non- 
linear optical crystal emits the fourth harmonic wave. The 
third non-linear optical crystal includes the IiiB305 crystal, 
where the self -absorption for ultraviolet light thereof is 
limited and the temperature permissible width thereof that 
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is the phase-matching condition is large. Therefore, where 
the third non-linear optical crystal is under the heat 
influence, the phase-matching condition is not satisfied and 
the refractive index changes so that the light intensity 
hardly reduces. Subsequently, it becomes possible to obtain 
the fourth harmonic wave of the Nd: YAG laser for a long 
time period with stability without performing the 
temperature control for the third non-linear optical crystal. 
[ Embodiment ] 

Hereinafter, an embodiment of the present invention 
will be described with reference to the attached drawings. 

Fig. 1 shows an example device for performing a method 
of the present invention. In this drawing, reference 
numeral 1 indicates a Nd: YAG laser oscillator, reference 
numeral 4 indicates a 60° dispersing prism, reference 
numeral 5 indicates a first non-linear optical crystal, 
reference numeral 6 indicates a second non-linear optical 
crystal, and reference numeral 7 indicates a third non- 
linear optical crystal. 

Fundamental wave (X^ = 1.0642 \xm) emitted from the Nd: 
YAG laser oscillator 1 are made incident on the first non- 
linear optical crystal 5 including a BBO crystal that is cut 
so that the angles thereof are shown by expressions q) = 0° 
and 9 = 48°. Second harmonic wave (X2 = 0.5321 fxm) generated 
from part of the fundamental wave by the first non-linear 
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optical crystal 5 and the remaining fundamental wave passed 
through the first non-linear optical crystal 5 are made 
incident on the second non-linear optical crystal 6 
including a LiB305 crystal that is cut so that the angles 
thereof are shown by expressions qp = 37.8° and 9 = 90°. 
Third harmonic wave (X3 = 0.3547 ^m) generated from part of 
the fundamental wave and part of the second harmonic wave by 
the second non-linear optical crystal 6, the remaining 
fundamental wave and second harmonic wave that passed 
through the second non-linear optical crystal 6 are made 
incident on the third non-linear optical crystal 7 including 
another LiB305 crystal that is cut so that the angles thereof 
are shown by expressions q) = 60.7° and 9 = 90°. Fourth 
harmonic wave {X.4 = 0.268 \xra) generated from part of the 
fundamental wave and part of the third harmonic wave by the 
third non-linear optical crystal 7, the remaining 
fundamental wave, second harmonic wave, and third harmonic 
wave that passed through the third non-linear optical 
crystal 7 are made incident on the 60° dispersing prism 4. 

In the above-described configuration, the Nd: YAG laser 
oscillator 1 is started so that the Nd: YAG laser oscillator 
1 emits fundamental wave (X^ = 1.0642 [nm) and the fundamental 
wave are made incident on the first non-linear optical 
crystal 5. Further, the second harmonic wave (Xj = 0.5321 
\m) are generated from part of the fundamental wave by the 
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first non-linear optical crystal 5 according to the 
relationship shown by the above-described expression (1) and 
the remaining fundamental wave pass through the first non- 
linear optical crystal 5. 

The second harmonic wave and the fundamental wave that 
passed through the first non-linear optical crystal 5 are 
made incident on the second non-linear optical crystal 6, 
and the third harmonic wave (X3 = 0.3547 \im) are generated 
from part of the fundamental wave and part of the second 
harmonic wave by the second non-linear optical crystal 6 
according to the relationship shown as: 

I/X3 = 1/Xi + I/K2 • • (3) 
and the remaining fundamental wave and second harmonic wave 
pass through the second non-linear optical crystal 6 . 

The third harmonic wave, and the fundamental wave and 
the second harmonic wave that passed through the second non- 
linear optical crystal 6 are made incident on the third non- 
linear optical crystal 7, and the fourth harmonic wave (X,4 = 
0.266 Mm) are generated from part of the fundamental wave 
and part of the third harmonic wave by the third non-linear 
optical crystal 7 according to the relationship shown as: 

I/X4 = 1/Xi + I/X3 • • • (4) 
and the remaining fundamental wave and third harmonic wave, 
and the second harmonic wave pass through the third non- 
linear optical crystal 7 . 



Further, the fourth harmonic wave and the remaining 
fundamental wave, second harmonic wave, and third harmonic 
wave that passed through the third non-linear optical 
crystal 7 are made incident on the 60** dispersing prism 4 
and separated into the fundamental wave, the second harmonic 
wave, the third haormonic wave, and the fourth harmonic wave 
by the 60° dispersing prism 4. 

In the present invention, the third harmonic wave near 
a near-ultraviolet range are made incident on the non-linear 
optical crystal 7 and the third non-linear optical crystal 7 
emits the fourth harmonic wave. Since the third non-linear 
optical crystal 7 is formed by the IiiB305 crystal, where the 
self-absorption for ultraviolet light thereof is limited and 
the temperature permissible width thereof that is a phase- 
matching condition is large. Subsequently, the third non- 
linear optical crystal 7 is under the heat influence, the 
phase-matching condition is not satisfied, the refractive 
index changes so that the light intensity hardly reduces, 
and the fourth harmonic wave of the Nd: YAG laser can be 
obtained for a long period of time with stability, as shown 
in Fig. 2, without performing the temperature control for 
the third non-linear optical crystal 7. 

Further, the fourth-harmonic generation method of the 
Nd: YAG laser according to the present invention is not 
limited to the above-described embodiment, but can be 
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naturally modified in various ways without leaving the scope 
of the present invention. 
[Advantages] 

As has been described, according to the fourth-harmonic 
generation method of the Nd: YAG laser of the present 
invention, various fine advantages can be attained, as below. 

(1) The third harmonic wave near the near-ultraviolet 
range are made incident on the third non-linear optical 
crystal and the third non-linear optical crystal emits the 
fourth harmonic wave. Since the third non-linear optical 
crystal includes the LiB305 crystal, where the self- 
absorption for ultraviolet light thereof is limited and the 
temperature permissible width thereof that is the phase- 
matching condition is large. Subsequently, where the third 
non-linear optical crystal is under the heat influence, the 
phase-matching condition is not satisfied and the refractive 
index changes so that the light intensity hardly reduces. 
Therefore, it becomes possible to obtain the fourth harmonic 
wave of the Nd: YAG laser for a long time period with 
stability without performing the temperature control for the 
third non-linear optical crystal. 

(2) Since the second harmonic wave pass through the 
second and third non-linear optical crystals and the third 
harmonic wave pass through the third non-linear optical 
crystal, four wave lengths including the fundamental wave 
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and the second, third, and fourth harmonic wave of the Nd: 
YAG laser can be obtained at the same time. 
4 . Brief Description of the Drawings 

Fig. 1 is a conceptual illustration showing an example 
device for performing a method of the present invention. Fig. 
2 is a graph showing the stability of the light intensity of 
a non-linear optical crystal for converting the wavelength 
of a fourth harmonic of a Nd: YAG laser. Fig. 3 is a 
conceptual illustration of a phase-matching angle of the 
non-linear optical crystal, and Fig. 4 is a conceptual 
illustration showing an example of known Nd: YAG lasers. 

In those drawing, reference numeral 1 indicates a Nd: 
YAG laser oscillator, reference numeral 5 indicates a first 
non-linear optical crystal, reference numeral 6 indicates a 
second non-linear optical crystal, and reference numeral 7 
indicates a third non-linear optical crystal. 



Fig. 2 

A: STANDARDIZED OUTPUT 
B: TIME 



